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WASTE MANACEMENT AND PERSONAL HYGIENE 
FOR EXENDED DURATION SPACECRAFT MISSIONS 

Spacecraft missions of extended time duration require waste 

d personal hygiene f a c i l i t i e s  that w i l l  be r e l i ab le ,  

sanitary,  psychologically acceptable, have man-vehicle-system 

arthbound mode s . 
This paper contains a discussion of the spec i f ic  nature of the  

maJor problems relative t o  waste management and personal hygiene on 

long tern multiman missions. Equipment requirements, design concepts, F 

and s t a tus  of equipment development are discussed sequentially. 

More spec i f ica l ly ,  f o r  waste management, the major considerations 

reviewed. For personal hygiene, shaving, showering, 
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INTRODUCTION 

The recent successes of manned space f l i g h t s  indicate  the necess i ty  

for an act ive period of l i fe  support equipment design fo r  extended space- 

c r a f t  missions. Accordingly, one end product w i l l  be the design o f  a 

+ t Waste Management and Personal Hygiene System. 

The select ion of t h i s  system presents a var ie ty  of Lnteresting and 

, complicated challenges t o  engineering ingenuity. Primarily the  de sign 

features should be threefold: (1) f u l l y  integrated with the  man-vehicle 

, complex, (2) psychologically acceptable, and ( 3 )  provide optimum r e l i a b l e  , 

- sani ta t ion.  Designs must incorporate these features  i n  a manner that 

ciable  compromise on the basic vehicle supplies and 

throughout the intended mission prof i le .  Designs 

must be compatible f o r  use by both a space-suited astronaut and an 

t unsuited crew member, 

An assortment of waste management methods f o r  collection, t ransport ,  

1 storage, processing and/or je t t isoning does ex i s t ,  sane implemented i n  

hardware, others j u s t  as concepts. 

f o r  which it was intended, but with varying degrees of app l i cab i l i t y  t o  

Basically each method can do the  job 

I spacecraft  use. No system presently exis ts  which w i l l  s a t i s f y  a l l  of the 

ne ce s sary  de s ign re quireme n t  s . 
I 

To se lec t  a system design, the individual techniques f o r  collection, 

transpox%, storage, processing and/or je t t i soning  must be object ively 

evaluated t o  determine system appl icabi l i ty .  The evaluation m u s t  determine 

the  d i r ec t  use poten t ia l  of individual methods, of combinations of these 
. + -  . ,  , 1  

. . r \  
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methods, as well as of e n t i r e  1 integrated systems. Trade -off fac tors  

must encompass weight, volume, parer requirements, complexity, relia- 

b i l i t y ,  state of developenti, and a l l  other meaningful aspects. 1 : 4  . *  

+ *  % 

I This paper contains a discussion of the problems, requirements, 
I I 

I 

i ' i  

' i. design considerations, and/potent ia l  designs. Constant consideration 

, 

I 

ha8 been given t o  the  manivehicle-waste management and personal hygiene 

system interface.  

collection, transport ,  torage, processing, and re jec t ion  of urine and 

feces. 

, i d 
k 

I I b s 

i k 

. L  

I n c h  ed is a b r i e f  review of the techniques f o r  

Typical system /design concepts are included t o  i l l u s t r a t e  

synthesis and implemen/tation of these techniques f o r  a vehicle-integrated , r 
I 

Waste Management System. 

The authors share a basic philosophy, which is  "that a s igni f icant  

design advancement, i n  the form of an optimum Waste and Personal Hygiene 

System Design, i s  being made through an objective and prac t ica l  approach 

i n  system engineering. " 

PROBLEM DISCUSSION 
. *  

Generally, the problems associated with design of equipment f o r  

mictur i t ion and defecation are posed la rge ly  by use during zero gravi ty  

f l i g h t .  The spec i f ic  problems include the physical attachment, d i rec t ion  

of excreta  flaw, containment i n  zero gravity,  san i ta t ion  techniques, and 

co l lec t ion  for  t ransport  t o  a disposal capabi l i ty  f o r  storage, reclamation, 

or r e j ec t ion  

Micturition 

Collection of urine must be accomplished while the crew member i s  

. e i t h e r  wearing o r  not wearing a p res su re  suit. I f , a  member i s  wearing a 
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I 
I 

4 
i 

l e  the s u i t  is both pressurized and 

the unpredictable behavior of l iqu ids  i n  

inement of the  urine must be provided from 

1 or i f i ce  t o  the urine-collecting capabili ty.  

' ' ' .  1 .  (c)  Micturit ion termination droplet  t ransport  

4 (d)  Confined col lect ion by posi t ive retent ion of the urine 
: I  

b '  

t 
I 
i 
i 

r .  

(e)  Odor control  

From the points of view of safety, sani ta t ion,  and psychological f 
acceptance, storage of urine inside the pressurized s u i t  should be 

accomplished only i n  emergencies, o r  when a useful purpose is being , 

F 

I 

seful purposes that can be served by 

the  storage of urine inside the  s u i t  a re  as a r a w  supply f o r  producing 

breathing oqygen and as an expendable re f r igerant  for emergency cooling. 

F I n  considering an unpressurized suit, no need e x i s t s  fo r  supplementary 

oxygen and emergency suit cooling. Accordingly, s tor ing urine inside 

the unpressurized s u i t  has no potent ia l  advantages. Thus f o r  unpres- 

surized suit use and unsuited crew members, a common col lect ion capabi l i ty  

appears t o  be the most practicalmeans.  I Also, where the su i ted  crew m e m b e r  

the  same col lect ion 
Ir 

is  pressurized inside an unpressurized compartment, f 
I. 

f a c i l i t y  can be used, . 

1 
t I: 
i 

i 



Defecation 

5 

9 

For defecation, the basic  e q u i p e n t  design problems of zero g rav i ty  c 
# 

i 
containment, t ransport ,  and col lect ion are similar i n  nature t o  mic tur i t ion  

' I  

! : but  d i f f e r  i n  de t a i l .  Problems of sani ta t ion,  cleanliness,  t ranspor t  

q t  for  'disposition, and d ispos i t ion  i tself ,  a l l  pose d ive r s i f i ed  challenges 
i 

1 -  t o  engineering ingenuity. As w i t h  micturit ion,  the requirement f o r  use 

. ;' . while dressed i n  an unpressurized space s u i t  may canpound the bas ic  a 
r 

defecation design problems. Specifically,  the excreta  m u s t  be re ta ined  

during the funct ional  procedure, and it must be transported f r m  the  
\ L  

I 

E : 
; col lec t ion  equipment t o  the storage, reclamation, or  r e j ec t ion  area.  The 

, 

.. 
body area must be cleansed, and the co l lec t ing  and t ransport  equipment 

I m u s t  be hleansed and sani t ized.  ' ,  

, r t  

,! 

Although general treatment of the  defecation procedure by e a r l y  
' 1  

designs could i n  same cases suffice,  generally, t h e i r  use procedure 
b 

1 i ; 
I 

designates several  s teps  that need considerable improvement before sani-  

t a t i o n  and psychological acceptance reaches the l e v e l  of our everyday i 
. 'existence. Despite the expns ive  t r a in ing  and or ien ta t ion  given the i 
: 
' 

astronauts ,  the almost i n  red re jec t ion  toward handling feces and 

associated equipment makys it a detrimental  design aspect.  

t h e  wiping and paper l o  a t ing  procedures, and the fold up and r o l l  up 

.techniques common t o  e a r l y  design attempts (although accomplishing the  

designated task) ,  are /psychologically objectionable and, without utmost 

' care,  could be somewhat untidy. Careful evaluation of the man-vehicle- 

system waste management problem by NASA has concluded t h a t  every e f f o r t  

/ { 
1 ,  

For example 
i I 
I 7 
~ 

P 

i 

, .  

! should be made t o  provide e q u i p e n t  designs tha t  w i l l  a t  least meet the 

folluwing basic  c r i t e r i a :  

t 



. f  
I (a) Be psychologically acceptable 

6 

t. 

(b )  Perform reliably as required without appreciable campromise t o  
I 4  

> 
, 

I . : (and be general ly  cmpatible with) other  vehicle system cmponents. 

(c )  ~e a l i  inclusive,  that is, perform a l l  operations necessary 

for the col lect ion,  t ransport ,  and storage of excreta,  and be s e l f -  , ,  

I I ' cleansing and sani t iz ing.  
, I  * 

(a) To have a use procedure c lose ly  simulating o r  dupl icat ing that 

' nonnallyl used on ear th .  Because of  zero gravi ty  use, however, sane 
*. 

I port ions of t h i s  normal procedure have room f o r  improvement. 
6 

( e )  To provide a use sequence i n  which there  i s  no necessi ty  t o  

br ing the hands near o r  have possible contact with the excreta. 

more preferable i s  a design which requires  no manual manipulation or  

a c t i v i t y  whatever, with only the physical a c t i v i t y  of being f i rmly seatel 

Even 
' ' ,  

$ 8  

1 ,  ' 
I I . defecating, and r i s i n g  required. 

, ' >  Thus the  most preferable equipment f o r  managing excreta  during 

defecation and f o r  t ransport  and storage of the f e c a l  mater ia l  a f t e r  

defecation may be equipnent which is posi t ive act ing,  clean, and simple 

t o  Use, and which r ead i ly  integrates  with the man-vehicle system. 

, 

. ;  

A 
I 

I 

1 desirable  feature w i l l  be the means f o r  the equipment t o  be s e l f  san i t iz ing .  

O f  prime importance i s  the f a c t  that use of t he  uni t  should i n  no way 

appreciably c m p r m i s e  the vehicle system o r  i t s  primary supplies. 

k 
' 

I 

i t  ., * 
1 

I 1, 

I . .  

I 
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* ' I  

I ,  System Con side rat i on6 

The major equipment design considerations of vehicle in tegra t ion  

I .  

i 
# 

; I  

I ( 1  

i i  

' 

* :  i (that i s ,  weight, volume, power, r e l i a b i l i t y ,  maintainabi l i ty ,  stowing, 

' e t  ce te ra) ,  must be carefu l ly  evaluated f o r  functional campat ibi l i ty  with 

: other  vehicle systems. In  addition, the usual requirements of s t r u c t u r a l  

i . t  

i n t e g r i t y  during and a f t e r  ant ic ipated launch, o rb i t ,  and reent ry  s t r e s s e s  

m u s t  be accommodated i n  a manner tha t  w i l l  assure operational competence 

a f t e r  being exposed t o  these environments. 

1 
. ,  

1 

I 
Systems considerations of  weight, volume, and s t r u c t u r a l  i n t e g r i t y  

I .. are most important t o  launch, reentry, and landing phases of a mission 

: pro f i l e ,  Power requirements, r e l i a b i l i t y ,  maintainabili ty,  sani ta t ion,  I 
. I  t 

# t 
f ' *  of use; that is, t ranslunar  o r  transplanetary periods and the o r b i t  phases. i 

I .  ~ Understandably the most desirable approach i s  one which o f fe r s  the optimal i 

i s t a r ing ,  e t  ce t e ra  are most praminent considerations during the period 
' 

i .  t 

, I  
design c r i t e r i a  for each of these system requirements. For example, 

I 
' from preliminary invest igat ions,  it can generally be assumed t h a t  a I 

I 
system u t i l i z i n g  re jec t ion  of wastes t o  space should be l i g h t e r  i n  weight, 

i 
i require  less power, l e s s  maintainabili ty,  e t  cetera,  than a system 1 

1 t' 1 containing a processing procedure f o r  storage o r  reclamation, t 
. \  Flgure 1 shows the  tabulated weights f o r  urine and feces on a da i ly  

per man basis.  

achieve from a weight viewpoint over the time required f o r  extended missions. 

Thus the trade-off advantage f o r  the  process-containing system occurs i n  

Figure 2 indicates the magnitude that s tored feces can 

' 

! 

the  unique design of the  t o t a l  system concept or  i n  the  value of the t 
k 

reclamation products. 

I 

! 

t 
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This latter i t e m ,  "value of reclamation products," i s  e spec ia l ly  
* a  

. b  

I hnportant t o  considerations f o r  ear th  o r b i t a l  and lunar  o r b i t a l  vehicles 

1 ,  1. 
, -  , and t ranslunar  and transplanetary spacecraft ,  since acceptable techniques 

I do e x i s t  f o r  producing semipure and potable water from metabolic wastes. 

~ 

f 
: 

On extended spacecraft  missions t h i s  reclaimed water can be used d i r e c t l y  

f o r  an evaporative heat exchanger, e lectrolyzed t o  produce breathing 

oxygen and hydrogen, o r  i n  a potable s t a t e  used f o r  drinking water and 

food preparation. I n  a near potable s t a t e  it can be used f o r  personal 

hygiene ol' sani ta t ion  and cleansing of c lothes  and equipment. 

puri ty ,  however, i s  only one of many aspects that must be considered when ' 

evaluating reclamation processes f o r  vehicle system needs. 

- 
' 

Multistage 

: 

Vehicle compatibil i ty aspects must a l s o  consider the impact of the 
k 

systems' use, as w e l l  as i t s  spec i f ic  demands upon the vehicle.  Simplified 

4 
. examples include the  desirabi l i ty  f o r  privacy, l o c a l  containment and , 

0 ,  

' ' removal of noxious odors, as 'well as the  cleansing and san i t a t ion  of the 
1 

. equipnent after each user 
< I  

I n  summary, t he  outstanding general  c r i t e r i a  f o r  an optimum waste 

management system a re  as follows: 

' Operabili ty i n  zero gravi ty  a f t e r  exposure t o  a l l  g rav i t a t iona l  
f 

conditione ' 

1 '  Light weight , 
I ,  

e .  

Lars volume 
I .  

* f  

Simple t o  maintain 

R e l i a b i l i t y  - designs based on known and proven mechanization methods 

: ,  
I r  

, *  , 
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Struc tura l ly  sound - unaffected by mission p r o f i l e s '  

self' sani t iz ing  and cleansing 

Powered by a natura l  resource of space (vacuum, so la r ,  e t  ce t e ra )  

Control odors 

1 Camfortable and convenient t o  use 
4 

Pmtvnn nl l  W F L R ~ : P ~  t n  i i s ~ ~ h l e  nrnr3iict.a (for exmale urine t o  water. < y  

I 
0 , and H2, f e c a l  so l id s  used a8 algae nu t r i en t s )  2 

1 '  . i  , .Independendy ,of spacecraft  systems (yet in tegra tab le  with spacecraft; - 
, .  systema) 

f , 
I 

I .  

; ' !  
&sign s implici ty  

I 

, '  , I  TECHNIQUES OF W A S T E  MANAGEMENT 
x r  

I 

& /  Collection and Transport 

i y i c t u r i t i o n , -  There are three main problems tha t  a r e  common, but  
2 

w i t h  varying degrees, t o  suited-pressurized, suited-unpressurized, and 

unsuited crew m e m b e r s  f o r  mictur i t ion on space missions. The f irst  concerrij 

t he  ' comfort and san i ta t ion  associated w i t h  the  physical attachment t o  the 

penis. The second i s  containment and t ranspor t  of the  urine under zero 

g r a v i t y  (or  subgravity) conditions, the th i rd ,  cleansing and san i t a t ion  

I 
( I  . 

L 

, '  
t 

I 
' ' 

: of the  t o t a l  equipment. 
1 
I 

. Physical attachment i n  a pressurized suit: The problem of physical  

'a t tachment  while the astronaut i s  i n  a pressure suit i s  the most c r i t i c a l  
b 
* I  

i of those problems under consideration. S t resses  provided by psychologi- 

tally unacceflable and/or uncumfortaJle equipment could ser ious ly  hamper 
, 

$ 

f. 
i 
i 
f 
I 
i 
I 

F 
E 

1 

i 
i 
f 
I 
1 
i 

i 

i 
i 
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t a sk  performance. 

pos i t ive  and leak t igh t .  

suit in zero gravi ty  would be uncomfortable and hazardous, even t o  the 

point of producing d r m i h g .  

O f  even more importance i s  the  s e a l  XAch m u s t  be 

L i q ~ d  released inside 'a pressurized space 

I ! 

One commonly used at taching method is  

, 
! 

. I  

. f  
1 

< , the  "motormen's friend" type o r  its modifications, where the  equipment 
1 ,  

I 

i s  individual ly  s ized and remains f ixed i n  place throughout the time 
' 1  

I ?  ; the  suit is pressurized. This, huwever, i s  uncomfortable and i r r i t a t i n g  

I . .when ac t ive ly  worn. Therefore it i s  preferable t o  provide a means f o r  
I 

I fastening a seal ing device i n  proper locat ion on t h e  penis only during 
I 
I 

: I 1 
t 
i r 1 

' I  t h e  time period necessi ta ted by the complete voiding procedure. An 
r 

a l t e r n a t e  approach would be t o  design the device f o r  remaining i n  
- .  

* 

*. 

- place throughout t he  su i ted  tour ,  s u f f i c i e n t l y  comfortable and non- 
8 .  

f i r r i t a t i n g ,  so as t o  be r ead i ly  acceptable t o  the crew members. 
1 '  

, 

I 

. Poten t i a l  solut ion requires  only temporary attachment during voiding, 

a spec i f ica t ion  that can be accommodated by many acceptabie a t taching 
! 

schemes.' For example, an  inf la tab le  ring-type c o l l a r  on a funnel- 

! .  type receptacle i s  one simple design; another features  a mechanically 
I 

: expanded and contracted punctured diaphram, controlled on the outside i 

i suit surface. A crude version of t h i s  same basic pr inciple  i s  the L 

s 

i 
I 

, e  

. > ,  

* 
). 

Chinese f inger"  receptacle design where the required extension during ' 1  

I 
i 

use could be mechanized from outside the suit. When released a f t e r  
1 
i 

I 

mictur i t ion,  the  device would contract t o  a l a rge r  diameter, thus providing 

These scbmes a l l  require a sani ta t ion  means fo r  cleansing the receptacle 

I 

I . only approximate confinement o f t h e  penis and an acceptable comfort level .  

' 

F 
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- a f t e r  the suit i s  doffed, A n  a l te rna te  and probab,y more preferable means 

' 

1 

would be a disposable a t taching device, perhaps of a water soluble 

material. 
# 

i . ' ! .  
, Unpressurized suit o r  unsuited: Mictur i t ion i n  an unpressurized I '  ' 

k *  

, .  ' s u i t  can be accomplished i n  the same manner as i n  a pressurized suit 

, except that m a n s  f o r  the posit ive air f l a w  t o  drain the  t ransport  tube 

m u s t  be provided. Iatest s u i t  design versions, harevep, -!tinclude a sp ina l  

trace closure that continues through the crotch and up the  f ront  t o  above 

I 

t 

i 

i the  navel. This closure w i l l  provide ready access t o  minimize problems 

' of physical attachment. 

. ( .  

, / i 

The problems of mictur i t ion while unsuited a re  a l s o  cbmparatively i 

b 
i 

simple by canparison t o  those of the suited astronaut.  

can e a s i l #  be reached and thus a posi t ive and san i t a ry  a c t  is  possible 

The ac t ive  a rea  

' with proper equipment design. 
i 

Design implementatio : Modes for  co l lec t ion  inside a pressurized li / 

i: 
' o r  unpressurized suit ha4e already been presented. The t ransport  

. <  

capab i l i t y  from the  s u l  

that a l iqu id  can be cleanly and quickly moved t o  i t s  d ispos i t ion  f a c i l i t y .  

Among t he  ways cammonlk accepted as the  most p r a c t i c a l  for moving l iqu ids  

i n  zero g rav i ty  are combinations of hydrophilic and hydrophobic mater ia ls  

interface must be made i n  a posi t ive manner so 

i 
' 

/ 

' ; ' w i t h  a prime mover such as pressure d i f f e r e n t i a l ,  mechnica l  wiping, o r  

f. pos i t i ve  pmping, 
. .  

From a NASA funded contract ,  Project  Hydro John, a waste management 

; . .  system f o r  advariced spacecraft ,  a preliminary design f o r  a urine co l lec t ion  



~~~ ~~~ 

[ 

i 

I 
i 12 

having a cleansing and san i t iz ing  capabi l i ty ,  w a s  
, 

dewloped and i s  shown i n  f igure 3. It features use w i t h  a pressurized 
; * *  

. I  . eui t ,  use with an unpressurized s u i t ,  or use without a su i t .  It performs 
I s i  

: Y  r t  
a< the temporary sealing function, and t ransports  the  urine t o  the disposi- 

: . t i o n  area i n  a posit ive manner. For the sui ted man, pressurized or  
I , .  

tmpressurized but with fastened closure, the col lect ing hose i s  removed 

from the  ur ina l  a t  the quick-disconnect and attached t o  the mating s u i t  
. , +  , 

, '  
f ,  

, ,  , f i t t i ng . :  After voiding, the  hose i s  reconnected and flushing in i t i a t ed .  
I 

I ,  

Defecation.- Two of the  problems common t o  mictur i t ion are s imi la r ly  
4 . common t o  defecation: containment and t ransport  of the excreta i n  zero ' - -  
t . >  

L 

gravity,  and cleansing and sani ta t ion of the t o t a l  equipment. 

however, o f f e r s  addi t ional  prominent problems such as using psychologically 

acceptable procedures fo r  the, defecation function, and cleansing of the 

Defecation, 
3 

, i 
< <  ' 

/ '  rectal o r i f i ce  after termination of the function. From a mechanical 

' standpoint, the excreta i tself  offers problems t o  a col lect ion and 
r i 

t ransport  means through i t 6  variable physical state, normally a semisolid. 

Specif ical ly  the problem $s containment for t ransport  and cleansing of 
I I 

/ 
. I  

6 t t he  containment and tran$port equipment. Some poten t ia l  solutions t o  

I 
I /I 

I these problems are prese'nted and discussed la ter  i n  t h i s  section. 
/ . /  

I n  a pressurized s it: In  some instances defecation while i n  a 
, / / 

/' 
pressurized suit may be required. 

acceptable, that is, danfortable, clean and sani tary mode f o r  implementing 

th i s  need w i l l  be dedised. 

supplementary means such as a secondary pressure protective device i n  

As yet it appears unlikely t h a t  an 
I 

' (  / 
' 

Rather  the prac t ica l  aspect i s  t o  provide a 

t h e  form of an enclosure about the waste management f a c i l i t y .  The 



i 

B 
! 

t 
I 
I 
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n pressurize the enclosure, depressurize the suit, and 

n unpressurized sui t .  

cammonly termed the "Oasis Concept." 

This secondary pressure protective 
I 
i 

I n  an  unpressurized suit, or unsuited: Defecation i n  an unpressurized 

suit s h o h d  be accomplished i n  a manner simulating earthbound procedures, 

except t h a t  zero gravi ty  compensation must be made by fastening the ' i 

body t o  t h e  col lect ion f a c i l i t y .  Latest suit design 

g a closure tha t  t r aces  the spine, continues through the 

I 
i 
i 
E 
i 

i 
1 

crotch, and terminates j u s t  below the  navel. 

accommodate the earthbound defecation position. 

This closure w i l l  e a s i l y  

If4f'ter-defecation i s  

terminated, cleansing of the  r e c t a l  o r i f i c e  requires t h a t  a manual wiping 

procedure be effected,  and t h a t  the act ive area be cleansed by some other 

means such as rinsing. 

t h e  cleansing medium, probably paper, compounds the undesirabi l i ty  of 

I b .  < +  

If a wiping procedure is used, the disposal of 

e / 
. . t h i s  col lect ion mode. Likeqise with rinsing, removal of the r insing 

1 *- medium i s  a necessity. I 

Design implementatio : Briefly surveying the col lect ion and t ransport  

means of feces, the span s from the simple but crude techniques t o  the 

t 
i 

ni 
, more complex but sophistlcated. In  the simple but crude category a 

This resembles a surgeon's glove and ; 

; 

defecation glove can be used. 

a c t u a l l y  is  used t o  ca$ch the excreta. 

e f fec t ing  an inside-oqt maneuver, the  excreta 

Sealing and disposi t ion of the unit  then follows. 

1 
t 
j 

By st r ipping the glove of f ,  
i' 

. i s  contained i n  the inside.  

Progressively more 
/ f 

re presented i n  repor t s  (refs. 1 and 2 )  where bags were 

I general ly  used fo r  collection, and pressure d i f f e r e n t i a l  and manual 5 

1 

~ 
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, r  

8 .  * 1 techniques used f o r  prime movers. All techniques presented a poten t ia l ly  
* !  

1 8  ! messy operation which i s  detrimental t o  their  psychological acceptance. 

A prelimimry design which satisfies many of the prime r equ i s i t e s  of a 

feces coi lect ion and t ransport  f a c i l i t y  i s  sham i n  fig&es 4 and 5. 

. i  
_ _  .. . *.- ! ,  

1 .  5 
, J  

. : The un i t  satisfies the basic requirements f o r  col lect ion and t ransport  i n  
I ,  . .[ : 

i 

, f 
' a posi t ive san i ta ry  manner. "be use sequence simulates earthbound procedure 

, ' i  

with addi t ional  features which are extremely conducive t o  psychological 

* cicceptance (specif ical ly ,  clyansing of the r e c t a l  o r i f i c e  and avoidance ' ' 

I . ,  
of manual ac t iv i ty) .  The ddsign i s  based la rge ly  on known and proven 

i 

, 5 ' 'mechanized techniques and svailable data of behavior of l iqu ids  and so l ids  

in zero gravity. ,  These a& applied i n  a mode that c l ea r ly  es tab l i shes  

pos i t ive  action, and thus the design can be used i n  gravi ta t ional ,  

I .  

i ! i' . , 

1 r r 

: subgravitationa1,'and ze o gravi ta t ional  conditions. 

* , The advantages of his  unit f o r  collection, transport ,  and cleansing 
1 .  

8 are obvious. 

pumped away a s s i s t ed  

The punpiblender and f lush  water create sludge t h a t  can be 
I 
y the high volume air  f law as the i n i t i a l  waste 8'. 

* /  

' t ranspor t  medium. 
I 

Storage 
! 

The storage bf metabolic wastes can be accomplished by s tor ing  urine 

; and ' feces  separately o r  by storing them together. Storing separately 

' offers  c m p a t i b i l i t y  with: 
t 

(1)' Processing o r  re ject ion techniques tha t  are d i f f e ren t  f o r  urine 

' and feces. 

(2) Processing or  re ject ion techniques t h a t  require  physical separa- 

' t i o n  for  their function. 
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and transport  methods whose implementation requires 

h as the space s u i t  urine co l lec t ion  and storage bag 

sign techniques must accommodate zero gravi ty  

. *.operation while providing suf f ic ien t  containment means and volume, odor 

acterial growth, and c m p a t i b i l i t y  with the  vehicle 

as w e l l  a8 other waste management facets .  

Urine storage.- The simplest and most d i r e c t  means f o r  storage of 

ur ine i d  the storage bag. 

unpressurized, or without the suit. 

A bag can be used w i t h  the s u i t  pressurized, 
t 

It can be inside the s u i t  system, 

t i n g  has specif ic  advantages. A bag can a l s o  be 

ntainer  of a vehicle-mounted system. 

zero gravity containment, a wicking-absorber 

To avoid 

material such a v i rg in  llama wool  or Refasil i s  used. Another storage 

a ine r  which has a zero gravi ty  mechanization i n  

on piston. During operation, the expulsion pis ton 

ogressively moves (as required) t o  induce the r a w  

heck valve i n t o  the processing chain, o r  re jec t ion  

Feces storage.- Storage O f  feces i n  a pressure suit can possibly be 

cceptable means f o r  col lect ion and t ransport  i s  

obvious undesirabi l i t ies ,  the p rac t i ca l i t y  of 

a pressure suit i s  questionable t o  say the least, 

i t y  if emergency operations so d ic ta te .  A reasonable 

~. -- - . - -_ 
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I 

* t  I )  

r $  I . 
' 1 '  

so lu t ion  t o  t h i s ,  however, has been discussed before as the "Oasis Concept" 

where a pressurized enclosure i s  used t o  house the defecation f a c i l i t y  and 

t o  provide protection necessary t o  depressurize and repressurize  the  s u i t .  

r 

I 
I The storage of  feces i t s e l f ,  however, has been discussed i n  recent  1 .  

, !  * . 
I .  

t 

i 

, .  

f ' 
1 , ) '  

A 1 

repor t s  

Major design challenges appear t o  be i n  the means of containment, re- 

ta rda t ion  of bac te r i a l  growth, and odor control.  

( r e f s .  ,1 and 3)  and can be accomplished by various methods. 
* - 1  

1 .  

t 
I .  

. t  

' 1  Generally the bagging technique is being fostered as the operat ional  

mode. Bagging, then seal ing the bag i n  a container, f o r  example, appears 
I ,  

11 

: ' ' t o  eliminate the problems of containment, b a c t e r i a l  growth, and odor 
' I  r 

1 control.  Other b a c t e r i a l  control techniques include freezing and incin- 

e ra t ion .  

of system compatibil i ty especial ly  when used with waste-processing systems. 

A storage tank concept can o f f e r  these features  plus  other  fea tures  
I ,  

0 ,  

6 

i Processing and Reclamation 
I .  

Waste systems f o r  advanced missions may f ind  techniques f o r  the 
' . *  

ultimate recovery of useable products from human wastes most advantageous. 

1 ,, ' The major r e c o v k i b l e  consti tuent of human wastes i s  water (with the 

, ' I  p o s s i b i l i t y  of oxygen recovery from t h i s  water i f  so  required).  Water 
I 

i '  

' , long-term missions i s  e s sen t i a l  t o  minimize l o g i s t i c  problems. Further 

' ba l ances  f o r  closed ecologies c l e a r l y  indicate  tha t  recovery of water fo r  
I 

I 
% I  examination of water balances shows that approximately 60 percent of water 

excreted by man i s  found i n  urine and feces (with more than 93 percent of 
I I 

1 

\ 
I 

t h i s  contained i n  ur ine) .  

saving i n  supplying the crew's metabolic requirements. 

Recovery of t h i s  water could provide a major 
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Preliminary invest igat ion indicates  that recovery of water frm f e c a l  5 
& >  

I !  - ~ I 

I 

t, material w i l l  require systed complexities not present ly  ccmmensurate with 

yield percen'&ea, that is,; maximum a v a i l a b i l i t y  of water, 100 grams per 

man per day. *is appears t o  be a general  conclusion as indicated by 

the  comparatively large n be r  of water recovery techniques which are 

geered t o  processing of b i n e .  O f  the  techniques most discussed and 

investigated,  the major processes fa l l  i n t o  one o r  more of the following 

I 
2 4  

1 i sr  

' i ,\I 
1 8  

I .  

G . .  
t *  

. .  . 
; ?  

' i. 

! 1 i ' i  : 

" . categories:  

I , : (a) m s e  cbngc/ Processes 

' : (b) Membrane Processes ? I  
I 

I 
' ( c )  Biological Processes ' 

~ 

I ' 1. 

Specif ic  techniques within these processes must be individual ly  

.. evaluated with respect  t o  app l i cab i l i t y  f o r  aerospace appl icat ions.  Not 

: Onlymuat the  effect iveness  of each technique be determined, but the  

I 

L 

, . -  present  state of developnent and an evaluation of future  development must 

be r e a l i s t i c a l l y  appraised. The scope of e f fo r tb  i n  water recovery systems 
*. ; > .  

can be b e s t  presented by the  following descriptive passages of major 

techniques that have been considered o r  investigated.  
. I  

" 6  
k 

'4 
1 ,  Phase change processes.- There are many spec i f ic  processes which 
.~ 

requi re  a change of phase as the major process technique. 

d i s t i l l a t i o n  (or evaporative) processes involve heating of the l i qu id  

u n t i l  a vapor phase forms. 

ocdUrs, thereby completing the  separation of l i qu id  from dissolved so l id s  

i n ' t h e  o r ig ina l  l iqu id ,  

I n  general, 
> I 

I , . 

The vapor i s  then cooled until condensation 

Di s t i l l a t i on  may be conducted a t  ambient, reduced, 

- 
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! , cjor increased pressures. 

, '  
; t * j  

Selection of the operating pressure determines t h e ,  
, I 1 1  

, I 
i + !  

i 

/temperatures at which a given l iquid w i l l  d i s t i l l .  Operating temperatures ' 

, I  I dare s igni f icant  since they govern the  decomposi t ion-rats  of impurit ies ' 
_ . - -  - .- : 

$ 1  

+ I n  summarizing experiment,al results of d i s t i l l a t i o n  techniques 1 
i 

I 
i . br i e f ly , ' t he  folluwing generalizations seem t o  hold t rue .  Atmospheric 

'+ ( o r  ambient) d i s t i l l a t i o n  prpduces a product w i t h  unmistakable ammonia 
I 

I 

. : odor and a cmpara t ive ly  high pH but no coliform bacter ia .  The ammonia i s  

, thought t o  be the  result of hydrolysis of urea with subsequent re-absorption 
i , 
: of ammonia gas i n  the con ensate. 

frm the product by c a t i  

Ammonia can subsequently be removed 
1 1 . /  

exchange resins .  
I 

; ' Vacuum d i s t i l l a t i o d  Vacuum d i s t i l l a t i o n  results indicated that 
1 

lower temperatures dec 4 ased the amount of urea decomposition. It was 

found, however, that t$e probabili ty of coliform presence was increased 

with the  decreasing t#nperature, ind ica t ing  that s t e r i l i z a t i o n  i s  enhanced 

with elevated temperatures. 

i s  required with vacuum d i s t i l l a t i o n  techniques, 

i 

8 

I *  I <  

i ,  
L' 

1 . \ .  

, .  The results show t h a t  addi t iona l  s t e r i l i z a t i o n  

Addition of feces t o  the raw material fo r  vacuum d i s t i l l a t i o n  
' increased the  bac ter io logica l  content of the product. I n  addition, water 

: was found t o  possess a d i s t i n c t  f e c a l  odor. System complexities a r e  sure 
, 

t o  result i f  f eca l  mater ia l  i s  included f o r  processing. 

are c e r k n l y  not insurmountable. 

These, however, 

. .  

I 

! 
t 
E 

1 -  

I 
! 



Pretreatment of urine with chemicals ( tha t  is, su l fu r i c  ac id )  does 

, ' a i d  i n  reducing armnonia carryover i n t o  the dis t i l la te ;  hawever, other  

I '  . problem8 are created by side reactions. For example, acid treatment 

caused hydrolysia and subsequent l ibera t ion  of other v o l a t i l e  products, 

thereby only subst i tut ing the or iginal  problem f o r  a second problem 

equal ly  as important. 

% 
. i  

Vacuum pyrolysis: This water recovery system u t i l i z e s  the  pr inciple  

of a modified vacuum d i s t i l l a t i o n  i n  which the vapors are passed over a 

heated ca ta lys t  t o  destroy any  vola t i le  organics and ammonia which are 

preeent, I n  t h i s  system, organic volatile8 are destropd-and the ammonia 

oxidized t o  nitrogen oxide i n  the ca ta lys t  chamber. This vapor i s  then 
I ,  

condensed and col lected as potable water, ready for  use. 

has'been successfully recove&d from urine and a combination of urine and 

feces. I 

I i 

Potable water 
i 

As a general conclusiov it may be said t h a t  simple d i s t i l l a t i o n  

can produce potable water products from urine when used i n  conjunction 

wi th  other processes. 

treatment of vapors, o r  d i f ica t ion  o r  product water ion-exchange. The 

I 
I 

The/se processes could include pretreatment of urine, 

4 
problem remains, hawever i t o  choose the cambination of techniques which 

bes t  satisfies the  spec ' f ic  requirements as previously stated. / 
More sophisticated phase-change techniques under present development 

1. 
i 

include vapor compreseion, freeze drying, incineration, and re f r igera t ion  

freezingr 

to-vapor phase-change, the remaining processes u t i l i z e  a l iquid-solid,  and 

The first ;two techniques mentioned s t i l l  include the  l iqu id-  
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' a liquid-solid-liquid phase change, respectively,  t o  accomplish pur i f ica t ion  

; and/or storage adaptabili ty.  
2. t 

! '  
I C  

Vapor compression: Vapor compression systems u t i l i z e  heats of 

condensation f o r  vaporization of the incoming l iquid.  As such, heat A ' *  

I 

; The 

1 process, simply'described, involves evaporation of r a w  water followed by 

; 

re ject ion t o  o u b 2  space f o r  the condenser section i s  not required. 
1 ,  

canpression of vapor t o  the corresponding operating temperature of the 

condenser. The canpressed vapor then condenses t o  form the  product while 
I '  ' 

, 

.: 
the heat E j e c t e d  i n  condensation is  t ransferred t o  the evaporator f o r  

'reuse i n  the vaporization cycle. 
c $ 2  

I !  

Vapor compression has the e f f ec t  of improving the physical require- 

ments fop a vacuum d i s t i l l a t i o n  system ana w i t h  proper application can 

I ; ,  * . .  
t 

8 ,  

I appreciably alter the  qua l i ty  of the recovered product. In  data col lected 

t o  date,: chemicals, f i l t r a t i o n ,  ion-exchange, and t r e a t m e n t  w i t h  ac t iva ted  c I  
. I  

. carbon can be used t o  a t t a i n  potable water. 

1 Inclneration techniques: Techniques f o r  processing. Of' f eca l  material 

- p r i o r  t o  storage and/or re ject ion u t i l i z e  as an i n i t i a l  s tep  dehydration 
I / -  

: 

t 

of feces t o  provide a dry residue ash f o r  f i n a l  disposit ion.  

minimum residues,, cmparat ively high incineration temperatures are used 

which r e s u l t  i n  extremely lightweight ash. 

e f f e c t  of leaving sterile residues f o r  easier storage and/or reJect ion i n  

To insure 

Incineration a l s o  has the  . I  . 

; 
' I  

' keeping with "sterile-space philosophies. 

i Handling of the gaseous products becomes qui te  a problem because of 

- the  abundance s present. In  addition oxygen must be supplieL. 

followed by subsequent cooling t o  recover t o  support 
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condensates. While storage techniques may be enhanced by t h i s  technique, 

< ;  I water recovery end subsequent disposit ion of both condensable and non- 

' condensable products of the combustion present po ten t ia l  problem areas , 

' . unle'ss ingeniously c6ped with. 

I 

, 

, 

I 

I 1 Freeze drying: Freeze drying (or lyophi l izat ion)  involves a phase 
' .  
1 change frcm solid t o  vapor. I n  t h i s  process, urine i s  frozen. Sublima- 

The vapors are then condensed 
1 '  " 

t i o n  of the  ice i g  then allowed t o  occur. 
k' 

, (as a so l id )  and -melted for  subsequent recovery. Temperatures and 

This requires  

1 .  
\ 

, P  preasures m u s t  be closely controlled t o  avoid melting. 

operating temperatures of approximately 19.4" F at  presswes of 3 rm Hg. 

. Although e q u i p e n t  designs and system requirements appear s t r ingent ,  the 

t . >  
1 

, advantages of eXtremely high yield percentages ( that  is ,  close t o  99 percent),  

good qual i ty  water, adaptab i l i ty  t o  zero gravi ty  operation, elimination of 

bacterial contamination, ease of phase separation, and use of space vacuum 

as S natura l  resource require that  t h i s  technique merit close considera- 

. 

, t i o n  f o r  appl icabi l i ty .  ' 

, The process of freeze c rys ta l l iza t ion  i s  a liquid-to-solid phase- 
{ 

' . change process where the r a w  l iquid i s  cooled u n t i l  i ce  c rys t a l s  appear. 

This In  e f f e c t  separates the l iquid f rac t ion  of urine from the salts i n  

solution. Although i n i t i a l  energy requirements appear t o  be much lower 

f o r  freezing than vaporizing, experimental results indicate that salts are 

physical ly  entrained within i c e  crystals ,  thereby requiring subsequent 

re-freezing t o  provide high qual i ty  water. 

' 

I 

I 
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I 

Other var ia t ions  of these processes include zone ref ining,  column 

r y s b l l i z a t i o n ,  and countercurrent c rys ta l l iza t ion .  The bas ic  operating 

pr inc ip les  are  e s s e n t i a l l y  the 'same f o r  a l l  these techniques; major 

var ia t ions  manifest themselves i n  design considerations applicable t o  

. !  
1 

? ehch'individual system' In most cases only preliminary invest igat ions of 
L 

these aystems have been performed, and these invest igat ions have revealed 

process cmplexi t iea  re lega t ing  them t o  l e s s e r  importance i n  near future  

appl icat ions 

Membrane processes. - Water recovery systems u t i l i z i n g  membrane 

processes as the  major purif icat ion technique a re  funct ional ly  divided 

irlto two categories, those u t i l i z ing  e l e c t r i c a l  puwer and those relying 

predominantly upon l iqu id  diffusion. 

by t h e i r  treatment of l iquids ,  thereby eliminating the  problems and power 

Membrane processes function so le ly  

1 penal t iea  present where phase-change processes a re  required. 

' I  Two types of membranes which a r e  se lec t ive ly  permeable t o  the water 
1 t  

.. contained i n  urine are (1) an ion-exchange membrane which cons is t s  

: e s s e n t i a l l y  of sieves having molecular dimensions with fixed ion ic  groups 
. .  

, :  i n  the pores; and (2) a membrane which w i l l  pass water by v i r tue  of a 

solvent- l ike action. These membranes possess the property of s e l ec t ive ly  

' cont ro l l ing  the  passage of inorganic salts, water, urea, and high 

molecular weight materials.  A n  apparent disadvantage i s  tha t  the processes 

result i n  two products, one, the desired water product, the other, a 

concentrated salt solut ion requiring subsequent disposal.  
t ,  

, U l t r a f i l t r a t i o n :  Membrane processes not requiring d i r e c t  appl icat ion 

of  e l e c t r i c a l  power include u l t r a f i l t r a t i o n ,  membrane permeation, ion- 

exchange, and osmionic processes.. Passage of water through the membranes 

-- . 
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i 
I 

, I 

is accomplished by hydraulic pressures ( t o  50 atmospheres), temperature 

gradients, natural concentration gradients, and self induced e lec t ro-  
, 

I ' osmosis. It would appear t h a t  the nature of the driving forces mentioned 
, 

previously severely l i m i t  rates of passage and hence process rates. To 

date  only u l t r a f i l t r a t i o n  rates have been increased through use of higher 

pressures and have produced encouraging r e su l t s  i n  sa l ine  water conversion 

programs. 

programs should be more f u l l y  evaluated before decisive conclusions are 

reached. 

The degree of d i r ec t  near-future app l i cab i l i t y  t o  aerospace 

Electrodialysis:  The major process u t i l i z i n g  e l e c t r i c a l  t ransport  

as the driving force is  e lec t rodia lys i s  and re la ted  osmotic processes. 

I n  t h i s  process ions are t ransferred through the membrane by imposition of 

an electromotive force. However ,  because of the basic  pr inciples  of 

operation only ions can be removed. 

molecule, w i l l  not pass through the membrane, thereby necessi ta t ing another 

U r e a ,  being a large un-ionized I 
t 
I 

t 

process s t ep  before the  desired potab i l i ty  of the product -Ts obtained, I 

i- 
The process appears t o  have m e r i t  but lack of information a t  the present 

time precludes aky firm- conclusions concerning physical dimensions and/or 

re qui  rement 8 .  

I 

/ 

< 

E l f  ( e l ec t ro lys i s  ce l l - fue l  c e l l ) :  A f u r t h e r  use of ion-exchange 

membranes is the  e l ec t ro ly t i c  dissociation of the water contained i n  

ur ine follawed by recombination of the  gases i n  a f u e l  c e l l  t o  produce 

potable water. Experiments t o  da te  with the ELF system (e l ec t ro lys i s  
I 

cell-fuel c e l l )  have demonstrated that high e f f i c i enc ie s  are a t ta inable  i r 

i 
e 
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' with the  ion-exchange membrane e l ec t ro lys i s  c e l l s  f o r  extended periods 

I of time. I 

Analyses of gases generated from the  e l e c t r o l y s i s  of urine show that 

these gases a re  r e l a t i v e l y  kree from contaminating substances. Electro- 
/ 

l Y S i f 3  c e l l  designs a r e  such that gas phase-liquid separation are inherent 

i n  the  c e l l  operation and'as such w i l l  operate i n  zero g r a v i t z  

of gases between the c e l l s  i s  by natural pressure gradients  caused by 

deplet ion of gases by the fue l  ce l l .  

i n  t he  fue l - ce l l  un i t  d i l l  permit zero operation through phase separation 

and t ransport .  

system operating with r a w  ur ine  i s  odorless, color less ,  and has pH of 

5.2 t o  5.4. 

impuri t ies  are - not added t o  the  water from the normal fue l - ce l l  processes. 

Transport 

/ 

Latest  designs of wicking techniques 
/ 

, 
Detailed analyses determine that water obtained f r m  

Results from water samples col lected a l s o  indicate  chemical 

The qua l i ty  of gases generated by the e l e c t r o l y s i s  c e l l s  indicate ,  that, 

a t  worst, only t r ace  contaminants could be added t o  the water from t h i s  

source. 

Biological systems.- The use of algae cul tures  fo r  the r e v i t a l i -  

za t ion  of gaseous atmospheres i n  aerospace systems has received considerable 

a t ten t ion .  The medium used t o  support the cu l tures  of algae i s  enriched 

with some form of fixed nitrogen such as an ammonia ion o r  urea. The 

a b i l i t y  of algae t o  use urea suggests the use of urine i t s e l f  f o r  support 

of these cu l tures  i n  a photosynthetic gas exchanger. However, preliminary 

experiments indicate  t h a t  algae cul tures  w i l l  not f l ou r i sh  on r a w  urine 

o r  d i lu t ed  r a w  urine even though the  chemical composition does not g rea t ly  

t 
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1 d i f f e r  fkm that of 
/ 

synthet ic  

~~ 
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r 
t 1 2.5 

media. The reasons f o r  t h i s  have not been 

explained and w i l l  require  extensive research study before system ! ?  

< Q  , I development can continue. 
- 1  

Photochemical dissociat ion of water i s  another technique t h a t  has 

been considered, but again development of a f eas ib l e  system i s  not l i k e l y  

1 fo r  near-future applications.  
I ’  

Product use.- Thus far ,  systems have been discussed i n  terms of 
1 

recovery O f  potable water. However, t h i s  i s  not the l i m i t  of useable 

products recoverable frm human wastes. For example, intermediate qua l i t y ,  

water can be used as an emergency expendable re f r igerant .  

most ta i l -end treatments of d i s t i l l a t i o n  processes, f o r  example, would 

not  be required. Some treatment may be desirable  t o  prevent excessive 

fouling of heat- t ransfer  surfaces but it i s  obviously apparent t h a t  the 

p u r i t y  of such water need not approach the  s t r ingent  specif icat ions required 

In  t h i s  case 
. .  

I . 

, of drinking water. 

& Another important recoverable product i s  supplementary breathing 

- 1  oxygen. The success i n  obtaining oxygen gas from e l e c t r o l y s i s  of water 
8 .  

L 
” contained i n  urine indicates  that where other  than fue l - ce l l  power suppl ies  

are u t i l i zed ,  recovery of oxygen from urine i s  e a s i l y  and economically 

achieved. This oxygen can be made avai lable  over a range of pressures 
I : 

l imited only by the  s t r u c t u r a l  i n t e g r i t y  of the  e l e c t r o l y s i s  system. 

Extremely high pressures are undesirable from a system complexity 

standpoint but pressures compatible with spacecraft  pressures a re  e a s i l y  

a t ta inable .  
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i 
! 

, :  1 to provide emergency gas supplies. 

"his capabi l i ty  could be u t i l i zed  t o  supplement normal supplies o r  

This addi t ional  recovery capabi l i ty  
I 1 

f I S  another indication of the kind of system f l e x i b i l i t y  required f o r  

, . maximum use capabi l i t i es .  
T 

I 
' Another product obtainable frcm water reduction i s  hydrogen which 

, ' can be used f o r  process reduction of C02, f o r  fuel, e t  cetera.  
' I  Rejection 

8 If  engineering evaluations indicate tha t  storage and/or processing 
t 

O f  wastes i s  unnecessary fo r  the  missions under consideratign, means f o r  

r e j ec t ing  t o  free space w i l l  be needed. 

philosophy, 

' 8  

I n  accord with ' ' s te r i le  space 

11 the  waste products must receive germicidal treatment before 

or during ejection. 

Techniques f o r  implementing expulsion include a small airlock-type 

' chamber in,which the "bagged" or canned excreta 

for bac te r i a l  re tardat ion can be placed, the chamber door sealed closed, 

t h a t  has been pre-treated 

" . t h e  outboard door opened, and the payload propelled i n t o  space by some 

i small propas ion  means. 3 

i 
I * ,  

Another concept uses a sani t iz ing tank, which receives the waste 
t 

suspension and holds it fo r  a suf f ic ien t  dwell time t o  allow a germicidal 

! ' agent t o  a c t  on the bacter ia  and other pathogens t h a t  may be present i n  

t h e  suspension. 

l i qu id  waste suspension. 

This technique permits d i r ec t  re jec t ion  t o  space of the  

Direct e jec t ion  of the l iquid waste suspension t o  space o f f e r s  i 
t. 

! 

i 

i 
' s igni f icant  advantage over methods which e j e c t  vapor. I n  addi t ion t o  not 

requir ing an evaporator, storage of the resu l t ing  residue is not required. j_. 

f 



I 
' 

(because of the high e jec t ion  r a t e ) ,  the  entrained waste suspension i s  

simultaneously ejected,  and thus no residue i s  l e f t  i n  the treatment tank. 

Even i f  a l l  the waste suspension is not ejected,  the quant i ty  remaining 

I 

i s  Ebply  mixed with the next batch. 

* .  SYSTEM DESIGN SYNTHESIS 

The,prior discussion included preliminary design concepts f o r  

co l lec t ion  and disposi t ion of both urine and feces. This section of the E 
f 

I t echnica l  discussions will synthesize representative preliminary system i 
8 

' designs. The systems w i l l  contain: 1 
r 
P 

1. Collection, transport ,  and storage E 
B 

. 2. Collection, transport ,  and reclamation 
, I  

. 3. Collection, transport ,  and reject ion 

, 1 
Collection, Transport, and Storage c 

I. 

The block diagram, figure 6, shows the system components fo r  L 

1 
k concept' 1, and indicates  t h e i r  function. The col lect ion and t ransport  

- .  1 1  c . subsystem consis ts  of the collector,  blender, and the simple sludge 

. pumps. The col lect ing tank i s  the storage capabi l i ty  i n  t h i s  concept. 

: The d i s t i l l a t i o n  uni t  serves t o  semi-purify the l iqu id  wastes f o r  reuse r 
E 

as flushing and cleansing water. Figure 7 i s  a block diagram showing E 
T 

e i n tegra t ion  of t h i s  waste management system w i t h  other-..vehicle systems. - -  
Collection, Transport, and Reclamation 

Waste management system concept 2 i s  similar i n  mechanization t o  
, 

concept 1, except fo r  the  f o l h i n g :  

I 

~ 

i 
/ 
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* a. The vacuum d i s t i l l a t i o n  unit  t ha t  provided semi-pure water fo r  1 

1 e flushing and cleansing is replaced by a vacuum pyrolysis reprocessing 
b .  

I 
I .. 

\ .  . 1 .  

I I  i :  system. Although vacuum pyrolysis has proven potable water reclamation 

capabi l i ty .  frm Urine (and wash water) some experimental tests indicate  

the  process with or  without minor modification6 may s a t i s f a c t o r i l y  

produce potable water from feca l  waste l iqu ids  after being passed through 

i 

' ,  ' ,  

' 

I 
' 

J 

4 
I I 

. schematic. ' 

a so l ids  f i l t e r ,  such as i s  designated by the storage tank i n  the  

I 

I 

b. The vehicle integrat ion block diagram w i l l  change i n  that potable 

' 

I i n  f igure 8. 

water i s  produced as a function of the waste management system, as shown 

Collection, Transport, and Rejection 

Waste management system concept 3 d i f f e r s  frm concepts 1 and 2 i n  

t ha t  t he  storage i n  the sani t iz ing tank i s  only a temporary measure t o  , 

assure suf f ic ien t  dwel l  time for  the germicidal agent t o  be effective. 

The re j ec t ion  portions of t h i s  system have been previously described. 

The system has no water recycling means and therefore places the  addi- 

t i o n a l  requirement of providing the  flushing and cleansing water f o r  each 

use on the vehicle system. Figures 9 and 10 indicate the vehicle system 

and i t s  integrat ion compatibility. 
I 

PERSONAL HYGIENE 

i 

In 'addi t ion  t o  the physical well-being of the crew members, personal 

hygiene has a decided impact upon t h e i r  psychological a t t i t u d e  during 
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' 1  

t the  mission's duration. Sanitation and hygienic procedures should, if 

, 1 .  # . possible, duplicate, o r  at least closely simulate, those used on earth.  

This phiiosophy has a major impact upon the design of the  equipment f o r  

pereonal hygiene and i t s  respective integrat ion i n t o  the  vehicle system. 

It is bes t  i l l u s t r a t e d  when each personal hygiene category is examined. 

Oral Hygiene 

1 
I I ' . '  , . .  ' . .  

I 

, . , v  , 

The problem of decay w i l l  be r e l a t ive ly  minor when compared t o  the 
. I  

problem of 'gum stimulation. 

and exfol ia ted c e l l s  w i l l  be aided by the abrasive and detei-gent nature 

of a careful ly  selected dental  cleanser, one which i s  non-toxic and can 

Mechanical removal of detained food pa r t i c l e s  

' 

l be ingested. 

1 been formulated and tes ted  t o  meet the foregoing requirements. The means 

Pastes are conducive t o  zero gravi ty  usage and some have 

of application on the t e e t h  can be accomplished d i r e c t l y  through a 

d i  spenser -brush combinat ion. By t r iggering the dispenser spring- loaded 

mechanism, a premeasured amount of paste i s  slowly applied t o  the t ee th  

t&ough a hollow handle during brushing. 

cleansed by an enclosed,snap-on r insing adapter attached t o  par t  of the  

water recovery system. 

The brush b r i s t l e  can be 

Mouth rinsing can be accmplished by using a 

' squeeze bot t le  water container and swallowing the  r inse.  Recent 

developments indicate  the  formulation of chewing gum types t h a t  have 

given acceptable results i n  dental hygiene tests. 

Shaving 

Small rotary machines tha t  incorporate a "vacuum cleaner' ' col lect ion 
' 

techniqm ( t o  prevent whisker debris from loading t h e  environmental 

cont ro l  f i l ters)  are presently i n  the development stage., ' The two 

I ,  

. *  
-- . - - _w. 
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' of a careful ly  selected dental  cleanser, one which i s  non-toxic and can 

l be ingested. 

1 been formulated and tes ted  t o  meet the foregoing requirements. The means 

Pastes are conducive t o  zero gravi ty  usage and some have 
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mechanism, a premeasured amount of paste i s  slowly applied t o  the t ee th  

t&ough a hollow handle during brushing. 
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A ' prototype models deviat  i n  t h e i r  method of parer: one i s  pneumatically 

' driven and the other  has a rechargeable battery.  "he requirements for  

1 .  

i / 
the  mission being con idered range from a s t e r i l i z a t i o n  technique and 

adjustments f o r  the  biades through interchangeable heads t o  separate 

units. Blade shaving i n  zero gravi ty  appears t o  be impractical .  

1 ,  , '  $ f 
Showering 

, *  Several acceptable showering design concepts f o r  zero g rav i ty  use 

have recent ly  evolved. O f  these, the shower s u i t  i s  the  only prototype 

I .  t e s ted .  Results leave much t o  be desired i n  the showering, r inse ,  and 

1 
# I  I 

drying procedures. A shower s t a l l  ( f i g .  11) having an i n f l a t ab le  

s t ruc tu re  and canted mosaic segments i n  each panel minimize many of the  

1 'object ion6 t o  the  "suit. The sprayed water i s  d i rec ted  about the  . 

enclosure by the canted surfaces u n t i l  the  i n i t i a l  impulse decays 

s u f f i c i e n t l y  f o r  t he  5nle t  a i r  bleed t o  perform a draining procedure. 

Showering should be staggered at 12-hour in t e rva l s  t o  minimize the  water 

reprocessing ra te .  Consideration m u s t  be given t o  in tegra t ing  the 

shower system with the  vehicle system, tha t  is ,  using the shower drain 

water f o r  washing clothes and/or e q u i p e n t ,  and drawing the shower's 

water supply from the water supply. 

' 
8 

i 

Although a i r  drying of the man's 

body and the shower i s  incorporated i n t o  the shower design, f i n a l  

"towelling" i s  desirable .  

per, man t o  be used af'ter super f ic ia l  washing and showering f o r  f i n a l  

This then d i c t a t e s  a minimum of two towels 

I drying. 

t he  f a c i l i t i e s  discussed under "bathroom design. 

"he tarels can be dried a f t e r  each use and washed and dr ied i n  
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< 1  

+ Superf ic ia l  Body Cleansing 

, One of the l e s e  thorough means of cleansing may be d ic ta ted  by 

l o g i s t i c  and vehicle integrat ion requirements, such as the wipe-dam 

pads and towels, and/or t he  aerosol spray-and-towel technique. 

t h i s  technique encmpasses the types of washing which normally i s  done 

i n  the wash basin and/or with a washcloth. A wash basin f a c i l i t y  (zero g 

design) can be developed about the same basic design techniques ( f ig .  11) 

used f o r  the  shower; that is, using the  canted mosaic segmented panels. 

The controls f o r  flow drainage, temperature, e t  cetera,  are i n  the  foot 

s t i r rups ,  which are act ivated by moving the feet. 

done by warm air  flow, and f i n a l  drying by towel. 

Generally, 

I n i t i a l  drying i s  

Bathroom Design 

I n  addition t o  the s h m r  f ac i l i t y ,  the wash basin,  and biological  

waste management capabili ty,  the  personal hygiene a rea  should contain 

suct ion ducts s t r a t eg ica l ly  located about the area t o  contain debris,  t o  

faci l i ta te  temporary high air f lows ,  and t o  assist i n  drying towels and 

equipment after use. 

system t o  provide the  increased loca l  flows upon demand only. 

and equipment washer-dryer cubicle should be included. I n  addition t o  

the considerations mentioned, ava i l ab i l i t y  of nzdical sLpplies and first 

a i d  equipnent i s  a necessity. 

e s s e n t i a l l y  d i c t a t e  the extent and scope of medical supplies and f a c i l i t i e s .  

An auxi l iary blower should be cut  i n t o  the ductwork 

The clothes  

The spec i f ic  mission's l o g i s t i c s  w i l l  

The remaining personal hygiene factors ,  clipping nails and cut t ing 

ha i r ,  presently appear t o  be accommodated by zero gravi ty  designs and/or 

techniques as follows: 

'I 



N a i l  clipping;.- N a i l  clipping i s  accomplished by one of t he  

' ' intakes, and under a collapsible hood, thus co l lec t ing  the  c l ipp  

Hair cutti-.- Hair cut t ing  is  accomplished i n  t h e  normal manner 

under a see-through hood t o  which a suction hose and f i l t e r / c o l l e c t o r  

have been attached. 

i s  accomplished i n  closer proximity t o  remow any-cut t ings s t i l l  clinging. 

After cutting, f i n a l  suction cleaning of the head 
..- - 

. - 7  

,.Clothes and Equipment 

Providing suf f ic ien t  changes of clothing (1 f o r  every t h i r d  day) 

w i l l  add lees  complexity t o  the  system than using a small washer-dryer 

cubicle. 

mi t ten t ly)  w i l l  be advantageous. 

For extended missions, however, the  washer-dryer (used in te r -  

The wash w a t e r  f o r  clothes and 

equipnent can come from the  shower and wash basin drainage supply, but 

MANAGEMENT OF OTHER WASTES 

The space mission under consideration requires the  management of other 

wastes i n  addi t ion t o  that of urine and feces. 

necess i ta t ing  management include: 

Specif ical ly  the  wastes 

t h e  intake f i l ter .  

t he  r inse  water would h a 3  t o  be a t  least vacumn d i s t i l l e d ,  but preferably 

vacuum'pyrolized. (Mult{stage purif icat ion techniques can be used t o  

considerable advantage Tn a mission of t h i s  type). 

c lothes  and equipment / nd f o r  warming water supplies could come frum: 

I 

i Heat f o r  drying 

(a) waste vehic$ system hea t  
/ 

, (b) so l a r  expos,kre through lens-ref lector  systems 

, (c  ) a combination of the two. 

32 
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Food spi l lage and pa r t i c l e s  

. Containers from consumables 

' Paint/coatings flakes 

33 

I 

Lint / clothing pa r t i c l e  6 

Soap/de tergent so l ids  

Body wastes (desquamated epithelium, hair ,  na i l s ,  sebum, saliva, 

vomitus, feca l  par t ic les ,  mucus, seminal f luids ,  e t  ce te ra)  

Management of these wastes have the same general problems as those of 

fecee and urine; t h a t  is, collection, transport ,  and disposition. 
I 

Collection 

Collection of these wastes w i l l  l a rge ly  be made with f i l t e r s  incor- 

porated as part of the environmental control and water reprocessing 

subsystems. (Specific collection techniques are fur ther  discussed under 

personal hygiene. ") A ser ies  of bu i l t - i n  "suction" capabi l i t i es  and a I 1  

portable suction device a re  required t o  implement e f fec t ive  collection. 

I n  addition, bags of vomitus, temporary col lect ion of containers, 

e t  cetera,  should be available.  

Transport 

Transport of a l l  these collected waste materials w i l l  be encompassed 

by physically removing f i l t e r  cartridges and bags and carrying t o  a proper 

ama of disposit ion.  

I Disposition 

Since t h i s  c lass  of wastes i s  outside the realm of preferred 

reclaimables," it ' w i l l  be. most 'eff ic ient  t o  . e i ther  store,  process and I1 

i 
/ store, or r e j ec t .  / 

i 



a waste carrying vehicle t o  burn-up through reent ry)  

heory, do not appear p rac t i ca l  for  these missions. 

7 
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.- Storin@; of the c l a s s  of wastes being discussed would 
. . :  

n t  t o  retard decomposition and i t s  associated detrimehts. 

wastes without cabin contamination. 

. ,' ,; (4) Means of t ransfer r ing  t o t a l  supply a t  vehicle resupply time. 
i ' *. .lfft ' L ,  . 

"[ btbrage discuss+on' in t h a t  the  processing considered i s  t h a t  which i s  

Process and s tore .  - F'rocessing f o r  storage d i f f e r s  from the previous 

' i  
!lf required < t o  reduce the  wastes t o  a means most convenient t o  t h e i r  .p I 

.' management. Periodic incinerat ion appears t o  be the  simplest and most .r$ 
; " e f f e c t i v e  means. 
' 

A small external  lock could be provided, serviced with 

cabin oxygen during periods of incineration, and the  tox ics  exhausted t o ,  

vacum after process completion. The incinerat ion process could be 

cmple t ed  during periods when the lock i s  exposed t o  so l a r  rays  by use 
I 

of 8 lend-ref lector  system. The resu l t ing  ash can e i t h e r  be accumulated 

i, ttithin t he  lock f o r  removal (at resupply time) or  re jec ted  t o  spEtcel ..' ' i ! 
. I  I 
t i  : Rejection t o  space.- Wastes can be re jected to space d i r e c t l y  and i 

q :  without processing, This i s  i n  d i r ec t  contradiction t o  a general ly  
! <!'it accepted ;philosophy of maintaining " s t e r i l e  space, " (even though a l l  of 

1 I  I L 

I .>? 

the kst~! matter will eventually sublimate). Other r e j ec t ion  techniques 
f c  2 s  
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Figure 1.r S m a r y  physiological wastes 

I 
Totallmight, Weight sol ids ,  
n+ny/aay lb/man/day 

I 

0.17 

0.07 

0.24 

We i g  h t water, 
lb/man/day 

3.16 

0.20 - 
3.36 

. . /  , 


